Abstract The present study is the first meta-analysis to evaluate type 2 diabetes (T2D)-associated polymorphisms in cohorts originated from several Tunisian regions. In fact, we evaluated the effect of seven polymorphisms in the following genes-PPARg (Pro12Ala), TNF␣ (-308A/G),
T2D reaches 9% of adults (Bouguerra et al. 2007 ) and affects an increasing rate of Tunisian young people (about 10%). Compared with the European populations, this rate is much higher and may be due to the specificity of the Tunisian lifestyle due to rapid urbanization and/or a specific genetic background.
T2D, like other complex diseases, results from a complex interaction between genetic and environmental factors (Lange et al. 2008) . So far, 17 genetic loci have been convincingly associated with a T2D risk (Florez 2008) . Replication is a challenging but necessary step to validate new disease-susceptibility genetic variants (Hirschhorn et al. 2002) . Initial efforts to identify T2D-susceptibility genes favored the genome-wide linkage approach and candidategene association studies (Lange et al. 2008) . Few common polymorphisms have been widely replicated in populations of different ethnic descents. Association studies performed on the Tunisian population have indeed not been consistently replicated. Although at-risk for T2D in the European population and other ethnic descents, some of the studied polymorphisms seem not to be a major contributor to T2D susceptibility in the Tunisian population (Bouhaha et al. 2008 (Bouhaha et al. , 2010 Ouederni et al. 2009 ). This absence of association has been usually attributed to the modest sample size of studied cohorts. However, the Tunisian population appears to be a mosaic of subpopulations, each one having a particular genetic background (Cherni et al. 2005) . Besides, this genetic heterogeneity is reinforced by an important frequency of consanguinity (Ben M'Rad and Chalbi 2006) and the high endogamy characterizing most regions. Therefore, the recruited groups in Tunisian studies are originated from the north, the center, or the south separately. Some of the reported associations have indeed shown inconsistent results between Tunisian groups originated from different geographic areas.
In the current study, we evaluate the effect of seven polymorphisms in the following genes-PPARg (Pro12Ala), TNF␣ (-308A/G) 
, ENPP1(K121Q), TCF7L2(rs7903146°C/T), MTHFR(677°C/T), ACE(I/D), and CAPN10(3R/2R)-on
T2D risk in a meta-analysis combining data of previous studies performed in Tunisian populations from the north, the center, or the south of the country (Arfa et al. 2008; Baroudi et al. 2009; Bouhaha et al. 2008 Bouhaha et al. , 2010a Bouhaha et al. , 2010b Ezzidi et al. 2009 Ezzidi et al. , 2010a Ezzidi et al. , 2010b Mehri et al. 2010a Mehri et al. , 2010b Mohamed et al. 2007; Mtiraoui et al. 2007; Ouederni et al. 2009a Ouederni et al. , 2009b Zouari et al. 2004 Zouari et al. , 2005 .
Search Strategy and Data Collection.
A PubMed search up to April 2011, using "genetic susceptibility to T2D in Tunisia" or "genes of diabetes in Tunisia" or "genes polymorphism and T2D in Tunisia" or "genes, ethnicity, T2D, Tunisia" as key words, was performed. The references of all computer-identified publications were searched for additional studies. The PubMed option "Related Articles" was used to search for potentially relevant articles. Reference lists in retrieved articles were also screened. Searching was performed in duplicate by two independent reviewers (R. Berhouma and S. Kouidhi). Without any language restriction, we only selected published manuscripts (including their online supporting materials). We performed a literature review on articles concerning genetic susceptibility to T2D in the Tunisian population. Only the studies with complete data on the comparison of genotypic frequencies of studied polymorphisms between diabetic patients and controls were selected. The articles with incomplete data were not included in our meta-analysis. The aim of our meta-analysis was to compare the association of different genes variant with T2D in populations originating from the north, the center, and the south of Tunisia in order to identify homogeneous Tunisian populations and to assess for any association of the studied variant with T2D in the pooled sample. Thus, our meta-analysis contributes to a definite conclusion about T2D-association genes in the Tunisian population.
We found 34 published articles, but only 13 with completed information were used in our meta-analysis. These studies have been interested in studying the same genes variants in Tunisian cohorts differing by their geographic origins.
Genes variants studied in cohorts originating from different Tunisian areas are: and CAPN 10 (3R/2R) . Variants studied in only one Tunisian cohort were not included in our meta-analysis.
Statistical Analysis. The R statistics version 2.12.1 software was used to estimate the heterogeneity between studies. Pooled odds ratios (ORs) were computed by the fixed-effects method of Mantel-Haenszel (Peto's method) if no heterogeneity between studies exists. To explain the heterogeneity origin, we used SPSS. 11 software. Table 1 summarized the data collected from 13 published articles and included in our meta-analysis. Confrontation of reported results found in different Tunisian cohorts showed inconsistent associations with T2D of studied polymorphisms in the seven concerned genes.
Results

PPARg (Pro12Ala) Polymorphism and T2D.
Three studies on PPAR␥ Pro12Ala polymorphism performed in Tunisian cohorts originated from the north, and the center did not show any association with T2D. No genetic heterogeneity on PPARg locus was significantly observed between the three tested Tunisian populations originated from the north and the center (P Woolf test ϭ 0.94) ( Table 2) . When combining data, our meta-analysis comprised 817 T2D cases and 907 control subjects. A Mantel-Haenszel procedure was then performed to provide a pooled OR of 1.25 [0.93Ϫ1.67] (P -additive ϭ 0.14) confirming the absence of the association of PPARg with T2D in the Tunisian population. ENPP1(K121Q) Polymorphism and T2D. Two studies investigated the K 121Q polymorphism of the ENNP1 gene were performed on Tunisian cohorts, one originated from the north and the second was in the center of the country. Under the additive model, the ORs for T2D were 1.96 (95% confidence interval (CI): [1.15Ϫ3.36] P ϭ 0.008) and 0.86 (95% CI: [0.67Ϫ1.12] (P ϭ 0.24) in the Northern and Central Tunisian populations, respectively (Table 1) . A significant genetic heterogeneity at ENPP1 locus was detected between the two populations (P Woolf test ϭ 0.004) ( Table 2 ). In order to identify the causative factors of heterogeneity, we compared the minor allele frequency (MAF) of normoglycemic subjects and those of diabetic patients originating from the two Tunisian localities (Table 3 ). Significant differences were detected only between the MAF of diabetic patients at loci ENPP1, suggesting that the contribution of the variant Centre of Arabs of Djerba South of Tunisia Baroudi et al. 2009 Berbers of Djerba South of Tunisia Baroudi et al. 2009 rs-ID: rs identity, NG: normoglycemic, T2D: type 2 diabetic patients, MAF: minor allele frequency, add: genetic additive model: 1/1 vs. 1/2 or 2/2 genotypes, dom: genetic dominant model: 1/1 vs. 1/2 ϩ 2/2 genotypes, 95% CI: confidence interval. Significant p values are mentioned in bold.
in T2D risk is depending on the lifestyle and the environmental factors which seem to be different between concerned localities.
TCF7L2 (rs7903146°C/T), TNF␣ (-308A/G), and MTHFR (677°C>T)
Variants and T2D. In these cases, inconsistent results were reported about the implication of polymorphisms on TCF7L2, TNF␣, and MTHFR in T2D susceptibility. Nevertheless, no genetic heterogeneity on TCF7L2, TNF␣, and MTHFR loci was significantly observed between the tested Tunisian populations when the Woolf test was performed (P Woolf test ϭ 0.22, 0.24, 0.30, respectively) ( Table 2 ). The Mantel-Haenszel procedure was performed to provide pooled OR of We reported a significant genetic heterogeneity (P Woolf test ϭ 0.0008) when considering the northern and all of the southern cohorts. Otherwise, when comparing the three southern Tunisian populations separately with the northern one, we detected that only Arabs of Djerba and Sfaxian populations were significantly heterogeneous (P Woolf test ϭ 0.03, P Woolf test ϭ 0.01, respectively). This heterogeneity could be attributed not only to differences in the genetic structure of concerned groups but also to the variable contribution of the variant to a T2D risk in the interaction with environmental factors (Table 3) .
On the other hand, Berbers and the northern Tunisian population seem to be genetically homogeneous at the ACE locus (P Woolf test ϭ 0.26). The Mantel-Haenszel test performed on these last homogeneous cohorts provided a pooled OR of 0.46, 95% CI [0.22Ϫ0.97] (P -additive ϭ 0.058), suggesting a trend of association of I/D ACE polymorphism with T2D.
CAPN 10 (3R/2R) Polymorphism and T2D. CAPN 10 3R/2R polymorphism was investigated in three Tunisian populations, Arabs, Berbers of Djerba, and a cohort of Tunisians, originating from the north, the center, and the south; however, reported results have been discordant. In return, the heterogeneity test did not show any significant genetic difference between the considered groups. The Mantel-Haenszel test suggested an absence of an association of the CAPN 10 variant with T2D susceptibility (P ϭ 0.45) and provided a pooled OR of 1.35, 95% CI [0.67Ϫ2.75]. However, the pooled OR of all Tunisian tested cohorts was of 1.61, 95% CI [1.23Ϫ2.11] with a P value of 0.0006, underlining the implication of the CAPN10 polymorphism in the increase of a T2D risk in Tunisians.
Discussion
Important advances in the genetics of T2D have come with the completion of GWAS. In the past three years, GWAS for human T2D from several European populations have revealed 25 confirmed T2D-associated loci, providing new insights into the etiological mechanisms of T2D development. In Tunisia, a few genes have been investigated in association with a T2D risk, and association studies have been performed only in limited sample size cohorts, usually, originating from the same geographic area (namely, from the north, the center, or the south). Thus, some studies replicated T2D association; however, some others failed to identify significant association, suggesting variability in the contribution of a number of variants to a T2D risk. To investigate this issue, we performed a comprehensive meta-analysis for the eligible studies. Our meta-analysis concerned the effect of seven polymorphisms-PPARg (Pro12Ala),
TNF␣ (-308A/G), ENPP1(K121Q), TCF7L2(rs7903146°C/T), MTHFR(C677T), ACE(I/D), and CAPN10(3R/2R
)-on T2D susceptibility, previously studied in different Tunisian cohorts. However, reported results were inconsistent for a number of variants (Table 1) .
No heterogeneity was detected for six genetic markers between Tunisian groups originated from several localities. These loci remained stable in diverse Tunisian populations, indicating that these subpopulations have common features and allowed to focus on association-T2D studies in large Tunisian sample size. To investigate this issue, we performed our meta-analysis pooling cohorts of homogeneous groups. Thus, we replicated the association of SNPs of TCF7L2, MTHFR, CAPN 10, TNF␣, and ACE genes with a T2D risk in Tunisian population with an OR ranging from 1.43 to 6.72 (Figure 1) . Our meta-analysis confirms the strong evidence of an association of the TCF7L2 gene with T2D reported previously in several populations involving Caucasians, North Europeans, East Asians, Indians, and Africans (Tong et al. 2009 ). Otherwise, the association of SNP rs7903146 in TCF7L2 with T2D is now well-established as the strongest common genetic determinant of T2D yet described. Concerning other genes polymorphisms, inconsistent results through ethnic groups were reported. The MTHFR variant was particularly associated with diabetic complications, notably nephropathy and retinopathy (Movva et al. 2010; Zintzaras et al. 2005 Zintzaras et al. , 2007 . A recent meta-analysis performed by Niu W et al. (2010) demonstrated that the ACE D allele was significantly associated with an increased risk for T2D, and this effect appeared to be inherited additively. Moreover, subgroup analyses further narrowed down this conclusion by showing that the risk effect of the D allele was more obvious for population-based studies and among populations from Africa and Europe ancestries while its role was significantly weakened in Asian replications. The same heterogeneities were observed in studies investigating the effect of CAPN10 and TNF␣ on a T2D risk (Boraska et al. 2010; Feng et al. 2009; Tsuchiya et al. 2006) .
Our results about the Pro 12Ala of PPAR␥ variant confirmed those reported previously (Muller et al. 2003 , Zeggini et al. 2005 , and did not favor a significant role of this variant in a T2D risk in the Tunisian population. Conflicting results have been reported regarding whether the PPARG-Pro12Ala polymorphism played a role in the risk of T2D. Interestingly, Ludovico et al. (2007) reported in their meta-analysis of 42,910 subjects that the role played by the Pro12Ala variant on a T2D risk was very heterogeneous, and this was explained by an effect of body mass index (BMI) which interacted strongly with T2D susceptibility. More recently a HuGE association review involved an updated meta-analysis of the relation between the PPAR␥2 Pro12Ala polymorphism and T2D among 32,849 cases, and 47,456 controls in 60 studies confirm the association of the variant with a reduction in a T2D risk (OR ϭ 0.86, 95% CI: 0.81, 0.90) (Gouda et al. 2010 ). This reported discrepancy has been attributed to not only differences in BMI (Ghoussaini et al. 2005; Masud and Ye 2003) but also to a complex interaction of the Pro12Ala polymorphism with environmental factors (such as the ratio of dietary unsaturated fatty acids to saturated fatty acids) (Luan et al. 2001) with genetic factors such as polymorphic mutations in other genes (Hsueh et al. 2001 ).
On the other hand, the heterogeneity test confirmed the diversities observed in T2D associations for the ENPP1 and ACE variants. In fact, the contributions of these loci to a T2D risk were dependent on the geographic origin of concerned groups. This heterogeneity could be explained not only by the diversity of genetic background which appeared for ACE between normoglycemic subjects originated from different regions, but also by the variable contribution of the variant in a T2D risk because of the diversity of lifestyles into the tested subpopulations. Interestingly, the significant difference detected between normoglycemic subjects (originated from Sfax and Grand Tunis) at the ACE locus highlighted the founding about the genetic structure of the Tunisian population. Previous reports describing the history of Tunisians' origin and several genetic markers analysis have shown that the Tunisian population, like the north-Africans, is a mosaic of subpopulations, with significant differences in genetic structure (Cherni et al. 2005) . This genetic heterogeneity is reinforced by an important consanguinity rate (Ben M'Rad and Chalbi 2006) and regional endogamy that could lead to isolated status. Hence, heterogeneity shown by the Woolf test for ACE locus seems to be related at least partly to fragmentation found in the Tunisian population. Moreover, divergent results of association were detected at the ENPP1 and ACE loci, whereas a similar frequency of the studied polymorphisms in normoglycemic subjects were observed in both studies. This could be explained by a modest contribution of variants to the risk of T2D in the Tunisian population, and also by the interaction with BMI, nutritional and environmental factors in modulating a T2D risk, as previously reported (Cauchi et al. 2008; Grarup et al. 2006; Meyre et al. 2005) . Indeed, Tunisian subpopulation lifestyle contributes significantly to diversify environmental factors interacting with genetic factors affecting T2D susceptibility. As previously reported, Arabs of Djerba have sedentary habits and excessive sugar intake, compared to neighboring Berbers (Baroudi et al. 2010) . In Grand Tunis, people's lifestyle is more Westernized with reduced physical activity and excessive calorie intake in foods, compared with people living in other Tunisian regions. Thus, in two different Tunisian regions, there is not the same combination of environmental and genetic factors predisposing to T2D. In such conditions, the contribution of a number of variants changes with ethnicity.
As a matter of fact, T2D appears to be composed of subtypes where genetic susceptibility is strongly associated with environmental factors at one end of the spectrum and highly genetic forms at the other end. Thus, there are several possible interactions between gene and gene or between gene and environmental factors. These hypothetical interactions and their specific effects on T2D, as well as functional analyses, will be required to further elucidate the role of gene variations in the pathogenesis of T2D, and very large samples are needed.
In conclusion, the current study is the first meta-analysis interested in T2D-associated polymorphisms, performed on cohorts' compound of populations originating from different Tunisian regions. Although differing by their geographic origins and lifestyles, these populations appeared to be genetically homogeneous at a number of loci which allowed us to replicate the implication of TCF7L2, MTHFR, CAPN 10, TNF␣, and ACE polymorphisms in T2D susceptibility in Tunisia. Whereas, heterogeneity observed for other loci highlighted the founding about genetic structure of Tunisian population and proves once again that Tunisians, like the north-Africans, are a mosaic of subpopulations, with significant differences in genetic structure (Cherni et al. 2005) . Only, genetic differences in Tunisian populations were previously reported when studying the Y chromosome and the mitochondrial DNA; this is the first study reporting genetic differences in other loci.
Our study underlines the importance of the Woolf test which should be performed in all association studies involving populations originating from different localities. Otherwise, further GWA studies in Tunisian populations are required to further define the genetic and lifestyle determinants of T2D, which will be very useful to prevent this metabolic disorder.
